IIIIIIMIIIIII 

(Tj) Publication number ; 0 612 818 A1 

© EUROPEAN PATENT APPLICATION 

@ Application number: 94102373.1 © Int. CI. 5 : C09D 5/44 

(22) Date of filing: 17.02.94 



® 


Priority : 26.02.93 US 23509 


(72) Inventor : McGee, John 






667 Helen Street 






Highland, Michigan 48357 (US) 


@ 


Date of publication of application : 






31.08.94 Bulletin 94/35 








(74) Representative : Munch, Volker, Dr. et al 






BASF Lacke + Farfoen AG 




Designated Contracting States : 


Paten te/Lizenzen/Dokumentation 




DEESFRGBITSE 


Postfach 61 23 






D-48136 Munster (DE) 




Applicant : BASF CORPORATION 




100 Cherry Hill Road 






Parsippany, NJ 07054 (US) 





@ Electrodeposition coating composition comprising crossl inked microparticies. 



(§7) An electrodeposition coating composition is described comprising : 

(a) an aqueous dispersion of a water-dispersible, electrical ly-deposi table, at least partially neutralized 
cationic resin, and 

(b) polymer microparticies, said polymer particles being prepared by : 

(1) blending an acid-neutralized tertiary amino-functional acrylic polymer and a polyepoxide, 

(2) dispersing the blended mixture in an aqueous medium to form a dispersion of microparticies of 
the blended mixture, and 

(3) heating the dispersion to crosslink the acrylic and polyepoxide in the microparticies. 




Europaisches Patentamt 
European Patent Office 
Office europ£en des brevets 



< 

00 

00 
CM 
CD 
O 

a. 

Ml 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP O 312 818 A1 



Field of the Invention r---:. • ».v ; v- w -<r - : m y f 

This invention relates to el^trodepasition,c»atingnc^ and in particular tp such compositions 

including crosslinked microparticles. ^- ; v > n r i = . - ^ e < 

Background of the Invention . ; ; -.■ , ■ -rn .--v.- -« - • • ••; 

Electrodeposition coating, orelectrocoating, iswidely used inthe artfor the application of polymer/coatings 
to metal substrates. Electrodepositiori baths usually, comprise a'principalfi (reforming resin, suchasan acrylic 
10 orepoxy resin* withJonic groups that can besaltedso thatthe resincan b&dispersed or dissolved in. an aqueous 
bath; Pigments (dispersed in resin pastes), dyes, flow control agents, and other additives -are often, included 
in the eiectrocoat bath. n ^ 

For automotive, or industrial applications where ttard;eleetrocoat films are desired , the^ bath also includes 
a blocked crosslinking agent that unblocks under appropriate conditions (e.g*;.wjth the application of heat) to 
15 react with-functional groups onithe principal-resin and thus cure the coating. l^l-. .^-ot . -v::> i : n 

; One of the advantages of electrodeposition boating compositions and processes is that theicoating com- 
position can be applied to a variety of metallicsubstrates regardless of shape or configuration . This is especially 
advantageous when the coating is applied as an anticorrosive coating onto a substrate having a number of 
irregular surfaces;* such as? amotor; vehicle body; In 'order to maximize an electcodeposition coating's antico- 
20 rrosion effectiveness^ it is important that the: coating form a contiguous layer over all portions of , the metallic 
. substrate^; v ... o«; ■ .Wc\-y^ ■' ^-.r .\q-*<:x. -:\^\-r\':^c - r - J \i& h ?<r-?.\ <rV-.; a-.\ r *m\s .y 

^ Two criteria for measuring? the effectiveness of an electrode^ 

substrate are throwpower and edge coverage. Throwpower measures the effectiveness of <an electrodeposition 
coating at covering recessed or interior areas of a metalsubstratet Edg$ coverage measures the effectiveness 
25 of an electrodeposition coating at covering the edges ofca metalllcsubstrate, Goodthrowpower and edge cov- 
erage are important in order to maximize anrelectrodeposition coating's,anticorrosion effectiveness. 
: . Electrsdepositionicoatin^ 

ness is often/desirable? >Fos exampte, whercth&electrodepositidri coatingrse^s^s a,primervte a high^gloss 
topcoat, the primer layer must be very smooth in order for the topcoat to have a satisfactory appearance. It is 
30 also advantageous to exhibit stability over a ranged pH. -^fv.^er lmv-o* : r r^; - y\ >-.a : •.>• 
f It is therefore desirable to provide an electrodeposition coating composition that provides good throwpower 
and edge coverage, without compromising overal corrosion protection and smoothness. ? !S c 

Summary of the Invention s ^Ur--- w ..\-w-r .S:^., -/ V,.^, ..•>:^- ; c-w/v r.-; • >v H 

35 :•• -i;'«r .?c y>-t«v ri'c^K^ • ^? ^ v ;r?' ^srw.c--?! r"** : f -iu 1 uf>u ■^uii^)^\iz'^o a&.aw ' ! ~ 

According to the present invention,there is,providedanele .odeposition mating composition comprising: 
. (a) an aqueous dispersionof a water^ispersible, electrics .ry-depositable» at least partially neutralized ca- 
tionic resin, and :^ -r. ; v> • w-- \ i-r+ 

(b) polymer microparticles, said polymer particles being prepared by; ; ' o r - o ^.k>rv\rv.^ 
40 (1) blending an acid-neutralized tertiary amino-functional aCTylicrpolymerand a rxslyepo^^ 

(2) dispersing the blended mixture in an aqueous mediam-to form a dispersion of microparticles of the 
blended mixture, and - ' ^ r.. a. 1 ■ r : ^ ;;hl^vJ:;ii;^ 

(3) hfeating the dispersion to crosslink the acrylic and polyepoxide in themicroparticlesi .iH' 

When used in an electrodeposition process K the coating composition ibf the invention provides ; a smooth, 
45. contigucus^coating over a variety of portions of the metal substrate,' including:recessed areas and.^dges. The- 
coating composition is thus highly effective as an anticorrosive primer coating for metal substrates* particularly 
for motor vehicle bodies^ a ; n ; n ; ; • ^ : ; ^ ; .-. ' 

Description of the Preferred Embodiments r- ■■; v j: ^ ;.■ i/ ^ 

The microparticles used in the practice of the present invention are preparedff rem a neutralized tertiary 
amine^functional acrylic polymer and a polyepoxide. The tertiary amine^functional acrylic polymer can be pre- 
pared f rgm one or more acrylic monomers containing tertiary amino groups in the ester portion of the molecule 
and one t>r more other copolymerizable ethylenically-unsaturated monomers. Tertiary amino group-containing 
55 acrylic mohorrlers are wellrknown in the art and include, for example, dimethylanlino ethyl methacr^ylate and" 
dimethylamino ethyl acrylate. Copolymerizable ethylenicaliy-unsaturated monomers are also wellrknown in 
the art. Such monomers pr ferabiy do notecontaimsriy groups that would be r active with amine; They includ 
aikyi esters of acrylic or methacrylic acid, e;g„ ethyl acrylate, butyl acrylate^ 2-ethylhexyl ac^ylate, butyl me- 
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thacrylate, isodecyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, and the like; and vinyl 
monomers such as styrene, vinyl toluene, and the like. 
- ^ Alternatively, th&tertiary airnine-f unction^ ^ by first forming an acrylic poly- 

mer backbone having side groups that can be reacted with another compound so as toatt&Gh^tertiary amino 
5 group onto the backbon . This can be accomplished, for example, by incorporating glycidyl methacrylate into 
an acrylic polymer, and then reacting the oxirane side groups with a secondary; amine. * j ^> >v 

The tertiary amine-functional acrylic polymer preferably has a number average molecular weight of from 
■= ■ ; 3000 to 3C\Q(50, andttiore preferably of from 40^0016 25,Q0&rJlrepfolymei? preferablyJias arv equivalent weight 
per tertk/y nitrog^^ j- i£:e3 :< t , ,« 

10 Among the -ptolytepotfides^bat fce usedtate epoxy condcinsationipotymers (e.g: v po|yglycidyL ethers of 

alcohols arid phenols), which £hre^referred,iepoxy-oar1taining e^crylio polymers, land c^rfeircpoly epoxide mono- 
mers and oligomers. ..Uud ^. 
u . ;: : . . Th^dpoxy^ndensaticmpolymetfs tharfareused a^^yepofcideisvithat 5s,.tltoseba3wng a^U^epoxy equiv- 
alency greater? than 1 / ipref erably gmatepthah *1tiancl 4fpi to about 3iQ:\ In orie; preferred iembodmlient, the poly- 
15 epoxide is a diepoxide, and thus h<as artr,2-epoxyie<faitfalency!of 2. Examples of such epoxides; &re; poly glycidyl 

■ ethers of polyhydricpfcenols and ofcaliphaticralcoholsf. These poiyepo*id£s caniaepnoducedity; etfiSrif ication 
of^epdyfiydri&pftiwtim aiiphatfcaleohol with an.^ of 

- -> ^Slkatft • jt'iw i ofrc o^c^co vv^cv^c::*^ <."•: -. -i :~m\ ,-V3 r : ' &>u^. r ,;v f ; w s^cac^rK i -■ 

-ocir > 2E*dmple&^ s&itabte polyphenols arer2,2-bi^hydrwyph«nyl^ 

20 ^;pttenyl)ethia^^^ suitable atfpfoatfcateohols are 

ethylene glycol, diethylene glycol, 1,2-propylene glycol, and 1,4-butylene glycol. Also, cycloaliphaticpolyols 
v SO^£b4u3^cIc^^ bi- 

■ spbSndMx&nfttsoibeiwedi ^ z-slK^'zsvnwwtw^ npsiewcqvyoTji *ic ; s ;.vw^ ; ; . .= 
rv3v;tSes1de3 tire e^xy-^^tainingsp^^ and oligomers 

25 oaf* aiWfceusediExSmpies crfi^esseiraatekiaisnarethose cortfainirigthe Gyo^exaneoGBddemoiety?;These poly- 
epoxtd^ ar^ffireiathfeiy'l^m 
! - * high sol idscbattag SompositiehB^hiextelteirt csebtc^ average 1 ,2- 

^"epoxy e<^i\^ ai^diepoxidSs^titetis^Jiavihg a>1,2-epoxy 

**£' fcqu&ateney oftwflja^ > sverf :.: .tecoo v rov?- st'con e ^sv, •» . ^rnia^l isnn^ sn: .;s* 

30 The epoxy-containing acrylic polymer is a (^olymerDfraTtethylenieaHy^rteatutatedaponomeE having at 
least drtesepoxy group arid at Jeast one pdymerc^eethyienijctellyamsaturated monomer<that &f Fee of epoxy 
groups. ^rnov-" r^c,j 0V/i .^..^ ^ ; ?iev , ...^ t ^. C / t ^ rli ,v arsvsvoj 30:: - < 

Examples of ethylenically unsaturated monomers containing epoxy groups are those containing 1 ,2-epoxy 
groups and include glycidyl acrylate, glycidyl methacryiate, and allyi glycidyl ethers vrl e*u ;o y i&rrv 
35 Examples of ethylenically unsaturated monomers that do not contain epoxy groups are alky] esters of ac- 
- ryJ(o^dqFriet^acn7ti<Pat^l rantaining.fro^al le 20 atoirhsmthe a^ 

i: andtrtetfoactfylates aretrtethyllniemeery^ ethyL aeryiate/ but yl.ac- 
ryiate, and 2-ethylhexyl acrylate. "jr- r ^^j .- r . . 

Examples of other copolym^rizabte etfcytenicatty unsaturated^morHmierfeare3si;described:abQve for use 
40 with tfe tertian acid^roup^eontainingi<^poly?nerizable ethyjen- 

' ■ VlcaHy ^ Saturated monicffners sucKas acryliaand methacrylio acidiare preferatoly^notusedfbecause of the pos- 
sible reactivity of the epoxy and acid group. ; r; -i I: ; r . i 

The piJlyepoxide preferably^Jrtasciafiumberavierage moleculanweight of from 376 ta'aOOO^find more pre- 
^'>"ferabl^ fram(80^ can^erdetermined by the GPC method $ising-apoiystyFeiia'Standard. The 

4&\ polymerpreferably .ttas ameiquivatent weight per epoxy group {i.e. f epoxy equivalent weight or^EEVV) of: 1 88 to 
\ * ^1509;:antfm^ a Jt :;^ , t.. ^ ^ vli > mu -< - -v t *> : t - t 

In order to form the microparticles according to the invention, the tertiary aminos unctional acrylic polymer 
is first neutralized with an acid such as acetic acid or lactic acid. 

After neutralization, the salted tertiary amino-functional acryira polymer is blended with the polyepoxide. 
so This blending can be carried out in the presence of polar organic solvent, a mixture of polar organic solvent 
aqd ivater,. nonpotar orfganic solvent, or mixtures thereof; Th&blending can even.be carried out in the absence 
of any solvent siichrasitaa mill, however the blending i&pref^fably carried out in the presence of polar organic 
« : r sol^ntor admixture©* polar organic solvent and water! <optionally with small amounts otnonpolar organic sol- 
v - ^^vsenQ. Examples^ of usef^ solvents for hlendiag the- components include butylcellosolve, ethyl cellosolve, and 
ssr t etherG&=o^glycolssuc*ii^s «thyieneglycoU prdpyiieaSeiglyi€XDl,*or diethylene glycol, and mixtures thereof. 
cti :i r on t After Wsnding^h© mixtureof salted t rtiacyjajM^Kawfunctional acrylic polymeri polyepoxid , and any blend- 
t JOin^3blVe»tii»dB|w3ed ifi:an(aqueou& dispetsioo having.particle.siz s ranging 

iffom0jetvto4O^imtpref r^Wy OvltoQ^S^^ahda ripi^latile.contentoffrom^^H^ 
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20 to 30 % by weight). The aqueous medium will contain mainly water, but it may be desirable to add additional 
polar organic solvent, pH modifiers, surfactants, or dispersants to aid in formation of a dispersion having the 
desired particle size and uniformity. The us of such solvents, pH modifiers, surfactants, and/or dispersants 
to form aqueous dispersions is well-known in the art, and does not require a detailed discussion herein. 

5 The above particle size rang s represent preferred ranges for the dispersion of blended polyepoxide and 

quaternized acrylic as well as for the polymer mrcropartides. However* it is contemplated that significantly larg- 
er particlejsizes at the blending stage may also be useful. The reason for this is that during the subsequent 
crossl inking step, the polyepoxide, which issubstantially no n-water d is persible; becomes part of a highly-char- 
ged water-dispersibJe crosslink matrixwith the quaternized acrylic. Thus, significant reductions in particle size 

10 may be obtained during the crosslinking step. .■ ' ■ ,c t . , 

An orderto crosslink the/blended^mateiiai contained jn each particle oftr^; dispersion; the dispersion is 
then heated to a temperature of 60 to 98°C (preferably 78 to 82?C) for a time sufficient to crosslink the acrylic 
and the polyepoxide; This crosslinking occurs when the salted tertiary amine and epoxide react and quaternary 
groups are formed^ : i ; ; -^r '• : ^ w ja* ^rov.; - •> .r ••:.,»- rj,\yy.-:.f--< - , v 

15 - Theresulting microparticle dispersion can then beincorporated into an elect rod epos it ion coating bath. The* 
micropartieles are useful ih theibath atJevels of t to 20%, andpreferabry 3 to 10%, as^a weight percentage of 
the principal resin nonvolatiles in the elceotrocoat hath: ■ ■■ - :^ ; ? ; s i v.? - - - ; ■ f^r. 

* The-present invention isusef ul in cathodic electrodepositkm coating? compositions Waterrdispersible res- 
ins us^b!e/in the d^todepesitio^ 

20 into the solution typfe?the:dispfirsiofytype;*the emulsion type,:,and the suspension^type. These types of resins 
are colrectively referred teas Twater^dispersible: resins" here variety of such resins are known and 

^•^/•may-ber.used in -this invention, yx ^:>>'- ^ vrh. i -i wi;-^; o? ri\rie*oz w.!inta--»t-.«>'f >m >■ ^iov-o.- -\u 

A variety of such resins are known including acrylic; polyester? s>olyethet f phettolic^epoxy^ polyurathane, 
poiyamide; polybutadiene} and oil based tesins. Typica* examples^thereof .are aorylic copolymers containing 

25 acryticormethattfylicacid^m^ 

and half amides of maieihizedoilsr and polymers; :a y.c nc s -y^rf^rjrn. e = ;u p^M *tii*^Y. izz: 

Water-dispersible resins used in the cathodic eio^rodeposition coating process have a cationic functional 
group such asrpnmaryfseeondary ortertiaryamineto^ 

riety of suchresins' are known including epoxy* polyether^poiyester* ; polyurethane; pelyamide, polybutadiene, 

30 phenolic and acrylic resins. ,y- 

■■:< 1 Cationic resins have been described in great number rrt the literature. T^ey,1yptQally contain ,a number of 
basic groups, such;as primary, secondary or tertiary amino groups, so as-to provide dispersibility with water. 
If these resins contain primary and/or secondary amine groups, themthey mayon may not also.containi hydroxy! 
groups and preferably they do. -If only tertiary. aminoigroups ace present in the cationjc r®sin, then the_ resin 

35 must contain hydroxy! or other functional groups* in order to enable fcrqss-linking. Thejaminpdequivalent weight 
of the cationic resin can range from 150 to. 3000; and preferably ;5Q0 to The hydrc^l* equivalent weight 
of the resins, if they tiave OH groups,dsgenerallybetweea1€^and1 OOfy anv. preferably,200Xo 50Q. In addition, 
the resins may contain :C=C double Jaoiids- the equivalent weight preferably being 500 to t50Q. 

The molecuteF weight (mean weight) of a typical cationic resin is usually in the ;range from 300 to, 50,000, 

40; and preferably 5000to 20;000, ^ ? -i. joiv r va.^ : > : ; ? n w 

: Examplesof cationic resins are described, in the Journal of Coatings Technology, Vol; 64,Mo. 686,<1982), 
p. 3M1 ("PolymeriGompositions for Cationic Electrodepositable Coatings"), the disclosure of which is incor- 
porated by reference. Polymers of alpha, beta-olefinically unsaturated monomers that^ntain hydmxyl and/or 
amino groups may be mentioned here. The hydroxyl or amino .groups may b& introduced using appropriate 

45 ? monomers inihe copolymerizationi for example by means of hydroxyl otamino esters of alpha, beta^olef inically 
unsaturated carboxylic acids^ such as hydroxyalkyl (meth)-aferyiateaoraminoaHcyl (meth)acrylates, or by poly- 
meranalogous reaction with diamines or polyaminesj for^example ^With N,Nrdimethylaminopropylamine, with 
formation^ amide, amino or urethane groups.^The polyaminopolyamides, which can be obtained f romdimer- 
ized fatty acids and polyamines, are afurther^group. Aminop^olyetherpolyols, which can be prepared t>y reao 

50 ; tion of primary or secondary amines with a poiyglycidyl ether, are particularly suited for this. Sufficient epoxide 
groups to convert all amino groups into tertiary amino groups are advantageously present here. The preferred 
poiyglycidyl ethers are poiyglycidyl titers of blsphenol A andsimilar polyphenols; They can b prepared, for 
examplejby etherif ying a polyphenol using an epihalohydrin, such as epichlorohydrin, in the presence of alkali. 
The poiyglycidyl ethers of the polyphenols may be reacted as such with; the amines; but it is frequently 

55 advantagebu^to react some of the reactive epoxide groups with a modified material ia ord r to improve the- 
film properties. The reaction of the epoxide groups wittoapolyai or.aipolycarbsoxylicacid is particularly prefer- 
red. ■ ■ i:-- , • ; .-ynei ''/^r^eir.r:; .:■ r, ;i-v ■ . f . * i^l yi*. -^vyi ik/ov-* 
Useful poiyols can include poiyether-polyois,^p61yeste 3 poiyols; or urethana polyols^ Poiyetherpolyols can 

4 
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be prepared by addition: polyrtferizatidrt ofalkylene oxides (for example ethylene oxide,; propylene oxide, tet- 
rahydrofuran) with low-rholecOfer-weight polyols having 2 to 8 carbon atoms and a molecular weight of about 
5$ to '300 (f r example ethyl neglycdi, diethylehe glycol; propylehe.glycol.'dipr pylene: glycols, glycerol, tri- 
methylolpropan ,1 ,2,6-hexanetridl, pentaerythrit ). Ifethytene oxide isused alone or inconabinatioji with other 
5 ^ alkylene oxides fisalkylene oxide components^ the waW^solubi I ity v f the resini is improved. ' J 

' - Polyester polyols can be prepared- by reactiohi ofi the above mentioned Id w^moleculariweight polyols or 
ejH>xy cdmpdurtds;for example fatty acid glycidyl esters, with polycaiboxylic acid tfor example adipidacid, suc- 
cinic afcidi'maleic^cid r phthalicackl^o^tereph^ v t ,J v^J,H;'lH: ;i ,;i> . 
ir Polye$ter polyols ra^ 

10 or butyrolactone. so*. *o-. j^.s-ur hs.r^oo , ■ . 

Urethane-modifiedpofylsjcan be obtained by reaction 6f an excess ottheabovementioniedpolyether poly- 
■■: ols- di* polyester poty^ ■ ,>» v :-j vav;*-: r -nei ; . rej^rr, 

The atoovennfs&ntianeid pcty^ w j t ^ 
an excess of polycarboxylic acids or, preferably, the anhydrides thereof. They can likewise^ obtained toy es- 
1 s< : teYif icationof pdlycarboxylie afcidspbr anhydrides thereof Using low-mdecuiar *eightpolyptev sucteas ethylene 
<■> glycol >pfopyleneglycd; Vf etcvL6w^ sucbias-fcrexample, 
hexamethylenediamine, may also be employed inr pldde of the low^molecula^.weightpolyols A^i^i No - 
> : • ' JuThe ^(^icaton df -the^^ pdlyofeor pbl^arboxylio acids isjpiefecably carried 

^ 'to^befdre:*^ secondly ^amaines^ However; jit is also 

20 '^pc^lbte:t^^ d*t&epGly^yddyl^ fashion 

- ■ that an«xcessof epo*ygroifpfcis ptesefcbThe^bx^ be/eacted witfiihe pdlyeai&bxylicacids 

or polyols. It is furthermore possible to further modify the final product, whictKno febnger teorttatos epoxid 

; : Acdordirtg talhe curtng^escfefanifefftof tperticulaf resins/<theyn^i>ek^ The first 

25 T;- ifcife is ttose^^ble^ tfelfcerosslta^ , 
class of resins requires a crosslinking agent such as blaeked-iM^isocyao^ oaeiuttlizes both the 

" u' -feelfjcrdssllnking rea^torcand'th^ odumbioatioti/il b** l> zmw sM : ^q;; c -i ^. w 

* ^ Accdrdtag^ta^ 
: -^sib^cftargaabl^^ 

30 curing. iwsei jmv hw. - i; io.. 

^Tte^water-disper^bteresins: Useful ^|windtJahresins( : :in;the txtesetnt indention; are typically liydrophilic 
'sgudfrthat'tfrep-^ in the forn*pf<a free basev but become 

Sdfbbteor dispiersiblerto tnake a stable siqueous soWion pcdispeiBion when asuff ioient amount (e.g., at least 
^20%; and more typfdally^50%) ©fcfche base funotioa is neutratizedv If She v/at^dispecsibtei^esiigsiare too hy- 

< C-*tioft<frelectr^ mc-rsrn.fti r«*o ^ :oi idsjkt- en*** 

. v<: , In 6Wer id^eiiha^ce varibus film ptopetttes;the ^water-dispecsible^esiq^rareofteEi'^d in the form of an 
emufeidrt in; wfirch the^vater^cfispprsiWe resmaxmstitUtes acontinuous pbafceVandan optjonahwater-insoluble 
0 rtesiri free ftojft chargeable h^drophHic gimips<{^ resin) constitutes a dtspersed-phase. 

40 When the resin can be crosslinked with a crosslinking agent included iri! thfe coating composition for the 
: ^(ecfrbcoat .prime* lay&tf anytdf aQnumb^oof crosslinkingi agefttS'or curing agentscmay te^uised. Commonly- 
^ J* used^osslinkirtg agents* include blocked pblyisodyanates including osocyanaurates of polyisocyanates (e.g., 
^-nfee)5arft3eth^ene^dfi$oic^anate>and tiBRsesteri^icatim ceos^inkingragents. = ^ > ; ^, t r , 
? ;f ^ jc ;attn 4 preferred eti^cfimentrof tbevin^entionv the crosslinking agentisan aromatic polyisocyanate, including 
4tfi& iisocyanUrStes otaromaite palyisocy^nalesi^Useful aromatic polyisocyanates include toluene drisocyanate 
' {TDI.) f .methylene;diphenyl^diis€Rsyanate (MDI), tetramethyl^ylene diisdeyanate, and the Uke. In another prefer- 
red embodimentan iSocyamfrateidfran aliphatic polyisocyanate such as hexamethylenediisocyanate is used, 
v » tThese feocyanates am pre-reacted with' a blocking agent isuch an oxim6, an alcohol, or an amine, which blocks 
o '-the tsocyanate crosslinking funptionalityAUpon heating^ blocking agents separate and crosslinking occurs. 
50l:.-* h Ttiediecuodepdsitable'doating compositions of the>presentiinvention are dispersed in aqueous medium. 
sThe term "dispersion^ as^used within.the context of the preserat invention is Relieved to be a two-phase trans- 
^ lucent or opaqueaqueous resinous systerfr in which :4heTesin is in the dispersed phase and water the contin- 
■ uou^phase. The average particle size diameter of the resinous phase is about 0.1 to 10 microns, preferably 
Hessfhqn 5 microns: The^concentration of the^resmous products in the aqueousrmedium is, in general, not crit- 
5SiU e ieat»'bu\'or<iinarNy thermajor portion, of the aqueous-.dispersion is water. The aqueous dispersion usually con- 
'^seitains^r^aboutS to 5Q: percent prefer concentrates 

which are to be further dilut d with water, generally range from 10 to 30 percent by total weight solids. 
: V;^heai^^ di um containing a base in cas of the 
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anodic electrodeposition or an acid in case of the cathodic lectrodeposition in an amount sufficient to neu- 
tralize enough of >the ionic groups to impart water-dispersibility to the resins Examples of bases include am- 
monia, diethanolamine, triethanolamine, methyiethanolamine, diethylamine* morpholine, and potassium hy- 
droxide. Examples of acids include phosphoric acid, acetic add; propionic acid and lactio erctd. u 
5 Besides water, the aqueous medium may also contain a coalescing solvent Useful coalescing solvents 

include hydrocarbons, alcohols, esters, ethers and ketones. The preferred coalescing solvents include alco- 
hols, polyols and ketones. Specific coalescing solvents include monobutyl and monohexyl ethers of ethylene 
glycol, and phenyl ether of propylene, glycolethylcellosolve, propylcellosolve, butylcellosolve, ethyleneglycol 
dimethyl ether, or diacetone alcohol. A small amount of a water-immiscible organic solvent such as xylene, tol- 
10 uene, methyl isobutyl ketone or 2-ethylhexanol may be added to the mixture of water and the water-miscible 
ofganic<sofvent. i The amount of coalescing solvent is not unduly britical' and is genefaliy between about 0 to 
1 5 percent by weight, preferably about 0.5 to 5 percent by weight based on total weight of the resin solids. 

The electrodeposition coating composition used in this invention 4ftay further contain conventional pig- 
ments such as titanium dioxide, ferric oxide, carbon black, aluminum si Heate* precipitated barium sulfate, alu- 
15 minum phosphomolybdate, strontium chromate, basic lead silieate/or tead chromatei^The ^wgment^to-resin 
weight ratio can be important and should be preferably less than 50:100, more<preferably less than 40:100, 
and usually about 20 to 40:1 00. Higher pigment-to-resin solids weight ratios have also beenfound to adversely 
- ■• affecfccoatescsncfrandftow: ■ <■■■■ > c- f .j \-«v.» / r^H L-v o« ir w >*?>..■ nv\^:>n^ -.i) moi; i ,:,)y-: o.v 

Thte electrodeposition coating compositions usedin the inveirtibfFcan contain*optiobat ingredients such 
20 as wetting agenfe, surfactants; U V cribstirber s; HAtiS compounds; aritidxidants^defoamerssand so forth. Ex- 
amples of surfactants and wetting agents include alkyl imidazolines such as those available* from Giba-^Geigy 
Industrial Chemicals as Amine C®, acetylenic alcohols available from Air Products and Chemicals as Surfy- 
nol® 1 04. Thes€r optional ingredients* when present? constitute f rom^bbut 0 tb£0*percent by weight .of resin 
solids. Plasticizers are optional ingredients because they promote ftowjEk&mpdes are high boiling^water im- 
25 miscible materials such as ethylene or propylene oxide adducts of nonyl phenols or bisphenol A. Plasticizers 
can be used and if so are usually used at levels of about 0 to 15 percent by weight resiwsolidst? r-: r- 
Curing catalysts such as tin catalysts are usually present in the coating composition. Examples are dibu- 
1 tyltindiiauratean^ 
by weight tin based on weight of total resin solids. ■ 
30 in general, sufficient water is added so that the dispersion has a solids content of rhorethan 20; preferably 

more than 30% by weight. ^vmu^z- yvx - :^ K ; ^ - ; 

The electrodeposition coating composition used in this invention may be applied on=a conductive substrate 
by the efectmdepositbn coating process ata nonvolatiiecohtent of 1 0 to 25% by weight to a dry film thickness 
of 1 0 to 35 ^im. After application, the coating may be cured at ambient or an f etevated temperature, depending 
35 upon the nature of particular base resins. -.v^'.^u ■ ; 0 : . 

The electrodeposition of the coating preparations according to ths inverittem may<be carried out by any of 
• a number uf processes kridvim to those sM Red in *he art/The deposition may be carried'out on ^ electrically 
conducting substrates, for example metal, such as steel, coppers-aluminum 1 and the like. :s :*o^v^ 
According to the invention, a pigmented resin coating and optionallya clearfcoat layer ^applied over the 
4<h electrocoat'primeriayer.MH automotive appSicatto^ basecoat of 

pigmented basecoat. The resin in the pigmented resin layer can be?of a number of resihs toown iri'ttre^rt. For 
example, the resin can be an acrylic, a polyurethane, or a polyester. Typical pigmented resin coatihg fdrtnula- 
tions are described in U.S. Patents 4,791,168, 4,414,357, and 4,546,046. The pigmentediresin caribe £ured 
by any of the known mechanisms and curing agents, such as aTOelamirl^poSyolteacticn te.g., mela^ti&M cure 
45 of a hydroxy-f unctional acrylic resin). ' ."^ -U -v*. "* -S-: -. ? .;v c ^ 

The invention is further described in the following examples. ( / > .* 3. 0 - f * 

Examples - Electrocoat Coating Compositions r ; y v - ; ■ : 0 ; - : - 

so Preparation for component 1: • ■ • n w : j ;■■ -\- -.-.or 

To a 5 liter round bottom flask equipped with a condenser, Nitrogen flow, and temperature probe, the following 
material were added: ■ : , ^ v 

997.5 gv; s - 2,-4 toluen di-isocyanate (Mondur TD-80®) 
55 To an additibrf tank the following was added: •. . ^ ^ ; ; ; ^ ' , , ; ; ; 1 

828.3 g h xyl cellosolve ; ^/ - l : r; ; H ' - 

The hexyi cellosolv was added to the flask at a rate in order to -'-maintain an exothermtemperatureless than 
50°C. The temp rature was maintained at 45°C for an additional hour at whiieh time the following: Was ; added: 



6 



EP 0 612 818 At . 

0.5 gv dibutyl tin dilaurate .•• . : rr i i -c ; ; : ; ^ 

The fallowing was added at a rate that caused theitemperature to ris to.^d-maintair.afc115^120;Ci ■ 

256.6 g itrimethyol propane^. . if -. : ; ; r , - 1 i . : v : / ;! : :V;l . . . ... 

Th mixturewas maintakie&at 120°C for an additional twotoours. The mixture was cooled to, 1 ! i0?C at which 
5-: time the following was added with continued mixing to.coot the resin: * ■■>■ <-,..: 

826.1 g • . methytisobatyl ketone j : -r / J i ; ; ; - , ■ 

:90.Qg .■ s\ rjrirbutanQl V- • V>i ; :^ V wi-V. . c /«,. # v . ^;v>.. 

Preparation for component 2: ^r:-.. ; •; v.- '^r^ A < .. • ;.. ■ 

To a 5 liter round bottom flask equipped witlracondenser, Nitrogen flow, and temperature probe, the -following 
^materials wereiadded; ! v::.;. ^a-. • ^ v ■■.■•..ri.i-t ■: .r t 0 -L.-o:i:- v^U-ri > .^v • --j/^ ; ^ v - ' 
r * 1785.6>g . Isocyanurate of HMD! ;V9; ; -,0. ■ r.Q-w. •::ju,^o jf-i;;i:i$V ; ? ■« 

33i2 g . Methyl Ijsobutyl Ketone «^r4rn^h; .//^. 2 r u -.s.. j.^ , .Mv*<-vr: n ^.->^v ; ; - ; 
- To;an addftipn;t£nkthe*followi^^ r^/^c^n ,^.?^!.B 0 ,-(,^vi v: !; 

592:1kg < ?^ethyl:.hexanoh-3r:K^-? i^m :.;-->i v-iV^ro-*:- **? r.-.ur • ;.>* * ™r vuv.i *.•«•*•■* ir^^ 

* 665.5 gf ' ■<■!■«. hexyl ceHosolver;"-:^* t -icv^vv:^ ^■■v-au\:^/\-cu, .;€-:-Q--n^Ku! w^a--^ - - 
The material from the addition tank was added to the flask over two hours. Tbe tejnpera.ture clitnbed to 60°C 
r- v and was mairttainied duHng- the f first hour: The temperature increased to^l iQ?e byithe ^nd ofthe; second hour. 
20 -.-: The batch was.majntained^t,t^8^)for three ^ours^fter^ • 
. *^^si33.6g> rn;.,nrbii.tanol/ri wcti >h. :^;iU.-.^h'i:n \-tAU-: ftt-Sr>r\ .nn-y,^ i.^f-r^w o w- *-r.f ■'. :' l v.jzs >■;-;. 
^ : 24-.& l g)i imethVl: isohutyJ' ketbne^ t ^. . ) ^^cib vs '.: : 5 o-vi : A vM»nv ^ !r-»f • 

7 ,; - The batoh \yasrmaint3ined at ;107?e tei3Q , minuter at which time the.(followjpgi wasjadded.v , t ^ .; v ;^. 
2tDj6 g Methyl isobutylifeton0 v wnc ri ^n; oa; v-o ^ ;^-:r> ^not-oo ^s^^^ ' ; - 

Preparationfo^c(jmponentv3:v 1 .tr.^ ;> oj - ru-jji ic. t^v^ t$*i ^ Od'h-'o^-, vv^-ji-v:, 

■'.■^ivjrnfvx.; .f,ci;Uo:im":; r^r:so..> e>j: nl jr^^c v?^^^i: :-/.\£j ^.ir-.;., -.^ tly&sjz?'-^:- ... 
; . ifo a 12 Ittfetroundibot tom flask equipped with a <»ndepser» nitrogen How.: and : teimp^ratuire probe, the follo wing 
materials were added: e n • ^ J ^ k tv 



30fV 963;8 gv< n-inOfiEBA: ,u^n : m^o^b^i 

348.2 g ethoxylate of bisphenol A ; va;^ v ^ - :> j;rr v r 

•v ? : ;73;2g:'-. ^xyle.ne>t.fHi. -j ■ • , ^-n \ -,<\^ -r ->-?. k:r.^ ,x ^..7\rh ^;,~i^ ■ - ■ 

The mixture was agitated and heated to 1 20?G and vacuum distilled into a pean Starkiwp.to remove any water. 
The followiag was^dded and :theimixture 1 washeated tQ:135P-G.^ ; 3 r :^ o ^ 

35 280.1 g bisphenol A ' ; v - J „ ^ 0 , , f ^ , \ 

:-22\Q-t\3 t:*^''nt)enzy|.^Jinrtethyl^friioe' ?? ohit"0.?-:vi r^,,); ^ .-- ^trr^n -L?^;;'? H ;:ho.'?: -5;;-'^- " .v 

v. - The mixture exotheirmed to 172°6 and;was GOdled to and>mafntaine.d at 143°C fcr two hour^ from the point of 
peak temperature. TlwrfollQwii^rvras;aclded;oo ; ^ : 3.. ? r ^ } % \yw>*.wz:. ;* v 

23 g . oubeiizyl dimethyl amine ^. 0 ;,-. 0 -ns or^. v.. * ; . *>• .v^. ^ v --i or^^y 
40 ; jsXto'6fxxKy concentration was tforatedat thirty mimjte jntervalSito an endpoint of 12P0,gjN^ resin/eq. epoxide 
x 1 jst-which: fM3iafr-ttie^ollQw^g}iwas*added:::, ^v ^ ^ ■,■ ^ > . v 4J y: : : ^cu^i , : ; : 
- ,!-1*386i5 g. > !CompQjoeRt#1; t .w^^c ■'.■„■ ^ - 0 ?. ; ^ - ( --.; m: n^o .^/^ 

jAt .iO&Cjithe following was addecl lnithe order listed: ^ 
: v . 107.0 a h . ketimine of ^diethytenelriamine <70%; ^solution) 
45 4.6g phenyl ether of propylene glycol , r ^ r v^t : ; " 

74.0 g methyl ethanol amine ^ ^ ; e 0 : - . -i^* ? s ; - 

The mixture exothermed to 1 18°C and was maintained at that temperature for one hour. The resin was cooled 
to 90°C with the addition of the following: , * ; 

293.7 g component #2 

so Once homogeneous, the following was added in the order listed with increased mixing: 
98.0 g lactic acid 85% 

40.6 g ^LTfynoJ 104 (50%, solution) - o - v- ,-. ... s; 

On(^ homogeneous, the following was added over 15 minutes: v. 
3113:^ g deionized water : < ; ;^ 1 

55 Once hdmogene us, the following was added: ;f . ^ : - 

408.0 g deionized wat r n ; 

r: :'Onc^toinQgme^us^^Mowin6-jv^^4d^ ; : , , , : 
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Once homogeneous, the following was added: j ^ i ir ; , : 

266.0 g deionized water 

Once homogeneous* the following was added: - v . / . . , : = . .. : ^ , :^ • r ; 

266.0 g deionized water , j V 

Th mulsion was stirred in an open container for 3.5 weeks to allow evaporation of low boiling solvent s. Evap- 
oration loss was replenished daily with distilled water during this period. 

Preparation fdr component 4: ■ ■ : -^v-.^v.. - ■■!■.<■. -jo» , - , ^ 

To a 5 liter round bottom flask equipped with a condenser, nitrogen flow, and temperatur&probe, the following 
materials were added: - 
1606.0 g 2,4-toliiene di-isocyanate o j-,h- 

1 29.2 g methyl isobutyl ketone '\ ; ' u ■ v: s 
To an addition tank the following was added: i r v a ,f 

■ 1231;9g- 'ft. ; 2^ethyi hfexaftoM so*** iiv-, no ;>r': ; ;;n ^vvi^'i rjort > ic. >*.«, ^h-.; 

The alcohol was added to the flask at a rate such that the temperature was maintained between 40 - 43°C. 
Once the addition was complete the temperature was maintained at 43°C for twaftoufs^ 
was added: 

32.3 g 1 c ; iriet^y; l&cDut^etone-- • :;^-^<\-x, v . t^v t ~c-,^ r^oo '.i-.-.-o • ± 0 ; 

Preparation for component 5: -^nsv -.-a^i ;o - ^ . ^•■^ •>* •; ;- 

To a 5 liter round bdttdrtff^ 

materials were added: ^r^ivi,.o.i,.jv^ ^^.!rii/ ucr.d 

397.8 g methyl ethanol amine ^Hia a kov c> o^t : ; ^ r 

The following was ^d^sd^>v^4.&-h0(irdi - - ^^•'.^^■vr^. :>r^ ct t^aw;.- ^u^-vf< ^ e==r 
1463.9 g component #4 c i v^ik ; ^ < n.- ti>i f .jaw/ e^M >'i ; 

The temperature rose to and was maintained between 73 - 76°C duriria>thi^adltidii;^rhe tempaMure was 
maintained an additional 30 minutes at 77°C at which time the follpwii^^s-addMs/^^ih. >: 
178.8 g butyl cellosolve s? * >n *.?. \-~ -r> fc* ^ pfr-voi; >Y s i f \- 

After an additional 20 minutes the following was added: ^ <wj >o ; / r - a : 

536.3 g l ladtic acid (85%)^ > s;-r .. r tu-,;- .-.r - ^ ■ arn * ,;r - 
'423i1^-^''^^i6ht2^d'Water. OV"^ 2->v ' r,: v ;;^r -.c - . ; ;■; ^ '> Uil i %s < s ^ 

The mixture was maintained 2.5 hours at 91°C. ■ iu t . e . ; 

Preparation for component 6: ; r, A ?-;. ^ v p :C : 

To a 5 liter round bottom flask equipped with a condenser, nitrogen flow, and ^r\^ature#dbe,^he following 
materials were added: 

260.7 g bisphenolA ;)i ^ ^ ^r^.v 

The batch was heated to 110°C at which time the^folldWing Was^'ddBd^ 1 . v v: v ^ t.;>? 

0.2 g triphenyl phosphine ^no, , ^ :^ ; 1 r «:< 

1.0 g v t xyiefi^ ^ v^u" v ^r: l- '': v!.x:.: ^r; . : ; \ no^ij:^ •• 'o-.- L-^bcr ^<^oug: ^ ; tT 

The mixture exothermed to and was maintained at 180°C for 30 minutes then cooled to ire^CiTHe-fdlowing- 

was added after which the temperature was maintained for one hour. 

0.2 g triphenyl phosphine ^ : t ri> ; ,i _ : .. r ... ,._. v ■. -r y:ii ^ f} i :f ,y 
1.0g xylene ,v ?; j w u;^ t 

The batch was cooled to 132°C at which time the following was added: 'c^w- u -t c i 

371.4 g components- ••' ■ ' -r :•■ " ; ::v . :j-.v. ? --^ j ■•• \ , , : .;.-:j^-..n -.:v/ . ^.;.v.;-. r; . r . - 
3.2 g < xyl ne .• , ; 
The batch was maintained at 124°C for two hours after which the following was added: 

1 070.0 f butyl cellosolve .:h- .. > ^ ^ . r 

Th mixf^r^ was cooled to 82°C at which time the following was added: 

517.2 g component #5 >• ■ • >•:-• ^ * , - ^ - . ,0 ;■; ^ >v. 

136.0 g butyl cellosolve i. ; ^ ^ r. 

The mixture was maintained for five hours at 82° Z to complete the synthesis. A.:-. y ■ ^0 ; 
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Preparation for component 7: f ^ ,. ff . ^ ; . ;- . ); __ ; ..^-.^ ..„.;. 

In a stainl ss steel 1/2 gallon vess I, the following were actded.4nd mixed with a high sp edeowtes- blade for 
15 minutes: ; r r 

5 - -523,0 g- -deionizsd water .-^^ >r :-, ; : \>- . ; % ,• f .. ; _ , . 

374.6 g ■ component #6 ..-,--> 4 ? : i >u , ; '-5; .^-.j^- -i^ ■ yt ..^ , ; 

7.7 g anti-crater additive 

After a homogeneous sate was obtained, the following components were added ir> the orderHisted; >.,. 
25.3 g carbon black 

50.7g leadsilicate : . ,. s -t-vv-^k -■*■ 

18.1 g clay extender r ; =. ; ry:^;. b - ^ ? .. f ■ 

839.6 g ■ Ti02 <:^^T^.^cciJi M:^;' ■ ' * 

117.6 g deionized water : >3* .0.3 v>-i«jt *s»ji«*h*: •. 

is The material was mixed for one hour followed by milling on a small media mjH tQ<a,f{Q3ne$s of grind of 1 1 ^m. 

To a 5 liter round bottom flask equipped with a condenser, nitrogen flow,, and temperature probe, thefollowing 
20 materials were added: 

1142.5 g Methylene diisocyanate ^^. 3 , 0q ^ c:; ,^. r;! ,^, :; 

2.0 g dibutyl tin diluarate ~~; ~ " 

^nv Jhejnixtu^^ the MHpyiiing ,was#d#dday6>f &mrkim&&&.;; r&n -y. t s 

525.5 g diethylene glycol butyl ether -i^e^v s!^:-; ^ 

25 337.4 g ethylene glycol propyl ether ^ ,,: fri ^ j Vf < iG ■ >. r : 

The temperature increased to and was maintained at 57 - 60°C uetjl^oe hou^fQlfQWtng $nd of tfte addition. 
The mixture was diluted with the following: : ^\:^:ioc--c •• - : / 

TflZ&g; aWthytjsijbutyfi Ketone :>' a r -ks-r. ;iv;j^J ^ofitefriisro h-Vo* em r^>mt^>; ~m 

2.1 g dibutyi.^^l^ii^.voi^ - ^ :<'*•. ay - :>~'.\- # .^j*. o> ■, 

30 The following was added over 30 minutes: ■. ivtw^r.yi ; .-^ : < 

94.6 g trimethylol propane -3 c^or^r- ;-,<uf:ifn r> lf ^^,Vv:.n 

The temperature was allowed to exotherm to and was maintained at 77°C dgringithte^ddSion. The temperature 
was maintained at87°Cfor4 additional hours. The following was added after;Whi(^h^Ate«perature was main- 
tained one hour at 85°C. .^■iUtwl* .;. ^ ^jr'^ ^^i^,---^- 

35 83.4 g n-butanol 

30.0 g methyl isobutyl ketone c ^ ion ^i'^- 



^iv vPrepa^ti^forf^po^ Or -,. .-.^c;^.-- ; .v v- ■ ^x-.r ., * ) .b 

40 To a 3 liter round bottom flask equipped with a condenser, nitrogen flow, and temperature probe, the following 
materials were added: ^ ^rfiusfc* o x ^ 

967.4g isocyanurate of HMDIiJPesmoduf N3300®) 0 ?J « v ^ r1c; l c Jt . 

387.4 g methyl isobutyl ketone <: - Kr->^ p ; 

The following was added from an addition tank at a rate such that the temperature of th^ fixture was main- 

^ u -^Red:at6^-e-:;~ • ^nU . v: - ;-: k< u < ^ ; ovn vvJo^ ^i' : ^ 

616.0 g dibutyl amine .v ; ^ ; \ : . : • ;,r*,^. - : ; ; . ^ 1 jr ; ^ ^ v>- 
The temperature was maintained for 30 minutes after which the following addition wasfnade: 
0.4 g dibutyl tin dilaurate 
28.6g n-butanol <• r, s r - .... • ,■■ ^ ;>'^ : -;t i \ ; ,r ^ :j 

so The mixture was heated to 75°C for 1 hour at which time no free isocyanate was observed by inf f ra-red spec- 
troscopy. 

Preparation for component 10: 

55 To a 1 2 fitel* round bottom flask equipp d with a condenser, Nitrogen flow, and temperature probe, the following 
materials were added: 

1095.1 g DGEBA ^ ,^!- ;r;t v: . vj ;o . t< . ; , .[ . . . -. 

249.0 g bisphenolA 

9^ 
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238.9 g dodecylphenol ^ ^ • } 

79.4 g xylene ^ ii; c 

The mixture was heated with stirring to 1 20°C and vacuum distilled by vacuum into a Dean Stark trap to remove 

any moisture. After heating to 125°G f i the following addition was made^-v - t v < v- ..i;:- ^ „ 

3.1 g benzyl dimethyl amine 

After exotherming to 152°C, the mixture cooled to 140°C at which time the following was added:: , 
1 J g benzyl dimethyl amine 

The mixture was maintained at 130 d C and titrated for epoxytontent at 30 minute intervals -to an endpoint of 

870 g N.V> resin/ eq. epoxide. At this point the following was added; m ; ^ « >rvj- #.*<■./(.:■; •■ -,-v 

34.7 g butyl cellosolve :^ i ; o -to ~ 

182.3 g sec-butanol -\o,.^ .o;: c . 

124.3 g diethanol amine -^v, ..sr. \ 

The mixtdre v^s cbbled to 9G°C over ^ onie'hour pericki at whi(^*time thefollowing was added: ; r-, 

177.7 g ethoxylated phenolic plasticizer f ; f , 

128.2 g \ sec-butanol ^ r>*s,- . - > v > . ; , 

48.7 g propylene glycol phenyl ether ^ ^ ^ * J r a >; !r . - 
The mixture was further cooled to 65°C over 35 minutes at which time the following was added: c. ■ - 

34.8 g dimethyl amino propyl amine *j: s ix,> r. 

The mixture was maintained 30 minutes at 65°C then heated to 90°C and maintained fwone hour. TJie mixture 
was cooled to 68°C and blended with the following until homogeneous: - v : ; . rtr - o.8 f : 

740.3 g component '8 ^-r^- ,, r ..;^ .1 -.^ol-if- y^e x&y. i: it ^,v, -3;; r 
647.7 g component 9 , : 
8.9 g anti-crater additive 

The following was added in order and vigorously mixed: r : r ^isiiooni ^ • * * y~. 

105.0 g lactic acid (88%) 

2034.0^'^^ ; deibriiz6d;w^fdr-^ i^rr-Dt c;*:/.jvvr^:v. ; »;< q =* * ^V7 w&co ** iuoi -rsii 

Once homogeneous, the mixture was reduced with the>#dtfitiort;bf the^^ 

continued agitation: '-'lotal^ w*\k ot^c*- 

3060.2 g deionized water : -^Tioieb rv *-.>:.& 

The above emulsion was split into portions and heated to SO^and^acuum^dfetiil^lte^emove low boiling sol- 
vents. Distillation was continued until a concentration of sec-butanol < 0.5% was^chieved. All cbrtdensate 
removed in the process were replenished with deionized water. ?. .-h -t. ; i* - > 1. 



Preparation for component 11 : 



To a 12 liter round bott^ ffa^ equip 

materials wereladded: v ^ ^ v .fb ....... ; o.** n ;nc . « _ >-r.-. r,v -.0, 7 ' 

2343.6 g . DGEBA - * •*.■»!. • n: s - ,>;<^- .3;,.^.* ••■ ; v>;;!.ra f ve-.s 

408.2 g Dodecylphenol m-^-- %■ ;■•;>? 

710.6 g bisphenol A .^u^n :L -.^v-. ; - - *.-.;■, ~ v^., 2 . ^—^n v^v-c-f;*- erp 

178.8 g xylene j m>>;-:;* r ^-s f ; '>.:: ^^oe»r; ^n: ^ jj w^n-y'. p 8.^ 

The cbmpohehtife were heated with mixing to 120°C at which tiitie the^fdloWing%as added:- i' m ) 
3.4 g triphenyi phosphine i ^olor^nf 

The mixture exothermed to a peak temperature of 1 76°C after which the temperature was maintained taM 50°C 
for one hour. At this time the following was added: 

2103.6 g diepoxide of polypropylene oxide (EEW=378 g/eq.) - ; ri ;v k f u ^r -v 

876.8 g butyl cellosolve 

The iriixture wasoooled to 78°G at which time 1 the fpirowllig was added: > x / :; - r 

240.0 g amino ethoxy ethanol " z r i ^ ^o^: ^^v v : - , 

The mixture exothermed to 97°C over 30 minutes at which time the^oHotoing'was' added: ■ 4 ». ■ 

190.6^ dimethylaminopropylamine ion* ,s 1 t 

The mixture exothermed to 120°C over 15 minutes after which the temperature was held at 110°C for four 

hours, ^ter cooling the mixture to 100*C the following wafc added. ^ / ir : ? ; - • , ; 

1012.4 g/ s butyl cellosolve : 1 

Once homogeneous, the following was' added over 25 minutes: ^ - u.. , h j; : ; ; ^ - ^ • 

187.3g ■ ■■ glacial ac tic acid - :) ^ :^. ! »p ■. : i .-i /. :--:-; v .' ,: .v-^ 

1164.8g " -"deionized' water ^ .•■ jU;- ■ v G*-<'-:^ oJ . i..'-.'^-., . r^:.^,-.'.,.;;-^ (Y 

After one hour mixing, the material was transferred to a 5 gallon plastic paiLTheMfawirig was added to the 

1& 
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empty flask and heated to 60°C with mixing to recover residual material. ; : 

499.9 g butyl cellosolve v.w- 

73.4jg-.-:: idteionifisdwateP - 0 : : i\ .^nr* ..^ H- -r * .j^u st^.v.i..- ". 

Once adequat ly solved in the wash solution, the solution was added with mixing to the plastippail. 

5 ;'K ,'i ..... w v ' 

Preparation for .com portent. 1 2s »v - C O^ 1 0 ,>k \ : ;t >. ■-c ■ s ). ( » wirii* ^ -\. 

i^n.a stainless steel: ;1/2jgallon vesseii tii,^ following w^re: added, and mixed thoroughly qn prdfeciisted with a 
high speed cowles blade for 15 minutest: . v; trv. n-\ * ; r - -i -A : . \y- ^ < v n • 
to 307.1 g component 11 Mk;. t &:ic:z i-/y ■..•■« 

4.3 g coalescing aid . i- v> - ; 

332.2 g deionized water ar ^ »ir,cv^&; ; l: 

After a homogeneous state was obtained^the following i&omponentswete adkted ,in$i$ /QRj^fjIjsted; 
• 8.4 g carbon black rx* •Aiaivo -«*oi&.-c ^siy*orfe 

15 83.7 g deionized water ^ v ^ 

43.3 g metal oxide white pigment -i<H^ ly-crta io ^eivr|c/jQ 

55.7 g 'i-^r-'/da^extenden^ ••-'t ;iv»:l.v)r? n&sr-*t cC • : tst^ v. su»it saw stutxki* .v ; 
527.6 g metal oxide white pigment a?^ v -,so*jq ' ^i; ;t»s ivrnsniic 0 £.= . 

■• 3^^37L7jg" .1-^1 ^dibutyl ttfT.Oxide,r« -n*. .yo*r* 'a-'<\ ■ «v* «wi:v jo • >.>.*■ n:-v; oerr^r^rn % voilxl.n .P 
20 ' 28.0 g • deionized water ^uoanftponort Kim* t>a ".'fri; ivfjv-sk! ■ J-.^ o^bi.^ 

The material was mixed for one hour followed by milling on a small media milt to*a ; f ijp$ne§s of gripd of 10 mi- 
crons. 9 ^v-notjmix; r > ■ r- 

Preparation for component 13: t ^ t- v :v civ b -'£? istx* .oal as*-- v ^o/h; ; ^ 

25. . D;;Gj ; :;>3i ^ '.>. %v Jt 

To a 5 liter round bottom flask equipped with mixing paddle, condenser anetfeoaf^tyrfiprobe^b^fo'lpwing 

•..vv.- ^me*eo^Si\Aiie3:e:.added unde&Qitrogen atmpsptisrekl; :-v; :uix>rtvsrtf ^foenei^orrio ■ ~- : n 

458.5 g butyl cellosolve :r; Mj^nj^ b r* i 

65.4 g deionized water ^i^n^Moieo r " a-\ 
30; .? Toian additionianlcthe foto^ kv* s - s ;W ^ ^ v o 

439vJ^;iA b^styreHe^.^ • v " 7 ■ ^-ua-.:!^ ;r ^o- 1 -)=^-.,; ■ r .^s, ^j. ;i v:xr ■■^■■-o^F^jsii/ .s >■■>:■■ 
401.4 g n-butyl acrylate /. w hj- : - *> b& - --j m v -v . ^cv- -art; Hi w : ■ ' 

415.4 g hydroxy ethyl acrylate 

243.4 g dimethylamino ethyl methacrylate rr orjnoo 10 r; jii^^-c- r : 

35 24.1 g 2 f 2-azobis(2-methylbutane nitrile) dissolved in 72.3 g methyl isobutyl ketone 
r..rrI^fl^fcwas?heatecbt^refluxaM the 
addition tank was added at a constant rate over two hours. The following solvent >pas |nftp4^c§d tat^e ^ flask 
after flushing the pump and lines. Reflux was maintained for an additional 1.25 houps; r, 
100.0 g butyl cellosolve ; f -sriq /^oel r>- : Vr 

40 The following initiator solution was introduced over 20 minutes: A o.io^ec ^ ; , : : \ 

6.6 g 2,2-azobis(2-methylbutane nitrile) dissolved in 20.0 g methyl isobutyl ketone , c . 
Reflux was maitrt^ned^pr; % additional h^urs^at 105 r .110?C. Tfte^resinwas popledtq,^ with 
the following: ^ : ^ ; v w— - : - 

i:.c .92j9.gr '.-S3 ato?istfoaeetie ackjn..:^^ d:-^. • > ; ' '■■ t-- , -r-^-:(-..r'^ .^.4-.w;->- .^rr.-.-^^:^^ !~=iVf* T 
45 .{•;C , :>> -sv r - ■ • -ij v.. 

Preparation for component 14: ; ^: f v ; ^ r i - ; - 3v .; 

To a 3 liter round bottom flask eqiaippgd ^ith mixing, ^^e^ooHdjensjer^ndtmperatpie probe, the following 

materials were added under Nitrogen atmosphere: 
so 1151 .0 g diglyoidyfeet^er crf;bisphenol;A rk. r ^ ^ •:. 4 ; 

348.8 g bisphenolA < 
•w78.7 , gh v )^|enav • ■ . ; , *: :?v^ •." 

Th^nixture was heated to 110°C at which time the following was added: , n 

0.8 g . triphenyl phosphine , 
55 Heat wds discontinued at 1 35°C at which ppiot an exottierm was noted^ The temperatur was allow d to climb 

to 1 64°C aft r which it dropp d to and was maintained at 1 50°C for a periodjrf one hou^f rom the point of peak 

exotherm temperature. The resin was cooled to 130°C at which time the following, was added: 
u-Ij .;;4^^*ges'^ obot^iO^Upsolve., ..^a;^ ■: ^f-^ c ? - tea-, -/:> - , ■• • i- ■ \r.) -., : -* 

lit 
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Preparation for microparticle dispersion 15: <• V ) c: - ^ (i -.^ ; , 

To a 1 lit r round bottom flask equipped with mixing paddle, condenser and temperature probe, the following 

materials were add d: ^ , . 

217.9 g comp nent13 ... ,. : ;r 

78.5 g component 14 , j - 

The components were mixed unti I homogeneous. This mixture was dispersed with agitation. during the addition 

ofthe following over a 15 minute period: - ^ ;> j.rh; t , t ~ : :< _ 7r^r 

544.3 g deionized water - : ;l w ; v v p , ;i . , , 

The dispersion was heated to 80°C and maintained at that temperature fon4.5* hours wfttrcontinued mixing. 

Preparation for component 16: 

To a 5 liter round bottom flask equipped with mixing paddle, condenser and temperature probe, the following 
materials Ttfere : - added under nitrogen* atmosphere: ; r t*y.u'i-. y~ n^y. iV .<,, 

458.5 g butyl cellosolve , - ; > 
65.4 g deionized water .-; f- et -, ; o 

To an addition tank the following materials were added and mixed: v.^ n ? * 

423.5 g styrene * : , v .. <r . , ,-. ^ .. 

385.2 g ; n-butyl acryiate ? -vw • *f .n r - -.rn-.^n ,ri .u ^ ■■ .■ kv m-. ^>nr-..vj-.-r< : •,■ 

399.2 g hydroxy ethyl acrylate n sn^i r ^ c Mi v , - ; v 5 

292.1 g dimethylamino ethyl methacrylate u VwV ^y-^^-. /. t .■ - 

33.1 g i 2;2-a^ .>-;^ 
The flask? was heatfed to reflux att03°e at which- trmete nitrogen ftowvwas discentinued^he mixture in the 
addition tank was added at a constant rate over two hours. The following solvent was introduced to the flask 
afterflushing the pump and lines. Reflux was maintained for an additional 1.25 hours 

75.0 g l v ^t^^ibobk 1: J* :■ * . .; 55 .^L ?• * a : . .. * "yij&rj. 

The following initiator solution was introduced over 20 minutes: _ 

6,6 ; 9 2,2-azobis(2-methylbu^ n .! tr »i e ) dlssdved in 20.0 g methyl isobut^ketoi^ ~7\"iyioT 
Reflux for 2 additibhal hours afc?^ with; 

the following: "' '. 7 ; " *" 7 ;;.Y~ " ' \ "li ' : T ' ' ~r v : 1 

111.6 g glacial aceticacid " ^ """"" ;r r ' — * " ™ '-^vrr 1 r : ^ : ' 

Preparation fgr component 17: . .; ; ~ ; — - : - - — " ^ - . ^ ^ , ^ 

To a 1 titer round bottom flask equipped With 1 mixing paddle, cdndOTser^nd temperatuFeh^obarthe^ellowing 
materials were added under nitrogen atmosphere: X . . ^ j 

346.7 g diglycidyi ether of bisphenol A , . .. . _ _ „■ ^ L-l:?^^ 

153.2 g" ; LbisphenolA ? r i..:; i , ::.L,_- ) ^..; . _ 

26.3 g xylene ^ " "~" ) . 

The mixture was heated to 110°C at which time the following was added: : Y;' & "Lit* tc"75'"- 
0.3 g triphenyl phosphine " "~ ' " " ' i ' r : , i : r 7 : ^ i 

Heat was discontinued at 135°C at which point an exdtherm was" noted." The t^peratuf^ was allowedito climb 
to 164°C afterwiiich it dropped to arid was mairitgiried at 150 5 C f^penod of ori^hpur/rpm'the "point of peak 
exotherm temperature. The resin was cooled to 130° C at whfcR time th^fbllbwihg was ddaedf " ~ 

1 91.0 g butyl cellosolve ; - t - — - - 

; , _ _ • ,Lr/, -Jj-^-i ;^ra } $-1.1 'i ■ 

Preparation for microparticle dispersion 1&: ■ - : ' - ™— ~ ---- " ' if^ir .. ; . ;? ; L 

To a 5 liter round bottom flask equipped with mixing peddle, condeShser-and temperature probe, the following 
materials were added: .. :J- Y _ ' ; r 

545.5 g component 16 ; ~ : ^ ; ( i' ^ 

499.4 g% component 17 - : ; K "7: f : : " ^' • 

The comp)0(Tents were mixed until horrog n ous. this fixture was dispersed with agitation during the addition 

ofth follovring over a 15 minutevperiqd;-: 1 ; " ; rr Ji ; 7 v ? 

2471.1 g deionized water ^ — J 

The dispersion was heated to 80°C and maintained at that temperature for 4.5 hours with continued mixing. 



12 
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Preparation for microparticle dispersion 19; ? . ; : v }?; ?r > " ' ; 

To a 5 liter round bottom flask: equipped with rriixing paddle, condenser and temperature probe,>the following 
materials were add d: - - ~- ; = ; ■>■■ 

5 463.1 g component 16 v 

199.5 g component 14 r e ; ^ : ; 

v) f. 5^2GO;9 J jj component 1 ^ ■■••■v, o'.tiVi f ;.^ v s\- - : ^; ■• c: ;->:r*' ?- 

The components were mixed until homogeneous. This mixture was dispersed wittiiagitation during th^ addition 
of the following over a 15 minute period: -c* - c 

10 ■ -2136.0 g i J - ^delonked-water ; b\ ; r^c^u >; t,r, * • v 1 -.;* ~o (. ,>«v .-;; ? v fWi*- 1?--.-, 

The dispersion was heated to 80°C and maintained at that temperature for 4.5 hours with continued mixing. 



Preparation for microparticle dispsersion 20: 

15 To a 5 liter round bottom flask equipped with mixing paddle, condense* and temper&iiirs probe, the following 
materials were added: ^:^r~.\-^'^ --^ - ? 

463.1 g component 16 v.i=.v^v?Kvr s -x ; ? 
199.5 g component 14 ' . tr>; ^r-i {■* v -■>■*„■ v f >:j > ^-Tvuto; r^bta ■ : 

185.2 g components ^ !^ v;: 

20 The components were mixed until homogeneous. This mixture was dispersed^ittvagtetton during.the addition; 
of the following Over a 15 minute period: t*UW Ufh /o.^r-v'' f. 

2152.0 g deionized water «** >:v ^ '-^i ivr!.k: vJ^s^ub ;,>' : . V". 

The dispersion-was: heated id vSOSGi and Maintata&kaUhat temperature fc^ 
: i - ; v JThe characteristics M the^rcr dpartideidispersions 1:5, J 48< t9; >and;20. are set fortfejtelow in^able 1 . 



TABLE 1 Disp. #15 Pis p.*' 16 Di3p.#19 Disp r #20 



30 v 



35 



40 



45 



4f0 



55 



Acrylic Block .hide,.-* 




Wfc j % Styreire ^ * 


29^31 cv -Of. 


2»wT2; S . 


*v2^8 v * 1 2-^ '. *iO= 




Wt % n-BA 


26.8 


25.7 


25.7 


25.7:r:^< •'• " 


Wt % HEA 


27.7 


26.6 


26-6 ^ 


26. « 


Wt % DMAEMA 


16 . 2 


19.5 


19.5 


19.5 


Wt % VAZO €7® 


2 


2.6 


2.6-- -i:^ 




Wt/amine 




817 g/eq. 


817 g/eq. 


,817 g/eq. 






Epoxy Block 


Wt. /epoxy 


503 g/eq. |995 g/eq. |503 g/eq v 5Q3 g/ecj. 






stoictaiometry 


eq, *s 3° amine 


1 


1 


1 , .-3or 


















^81^ - 


0^81fW- 


0^81 > 






Final Dispersion 


Rxn % coiapletion 


94.7 


81.1 


80.9 


77.4 


% N.V* 


20.53 


20.79 


20^62 


20.57 


p.s. (nro) , r 


201. 


430 


1?7 


187 


Mw 


gel 


gel 


gel 


gel ... 


Wt % Acrylic 


70 


50.3 


50.1 t 


50.1 


W£ % Epoxy 


30 


49.7 


24.9 


24.9 


Wt .% vCrostslinker, 


i0 


'10 , 


25 


25 


wt;;<tuat 


1709 g/eq 


2003 g/eq 


2019 g/eq 


2019 g/eq 
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Preparation for Bectrodeposition Bath 21 (Comparison): 



An etectrodeposition bath was prepared in a 1 gallon plastic pail from the following; 
2225 g Component #3 

170 g Component #7 !'. 'rj. .. • 

2005 g Deionized water i . ; 



to 



f5 



Preparation for Bectrodeposition Biath 22 (Invention): : ~ ■; v ; 

An etectrodeposition bath was prepared in a 1 gallon plastic pai) from the following? 
2090 g Component #3 ^ \ ' \ \ -r>h 

226 g Component #19 \ r ^ . * ; ^ J. _ 

1 70 g Component #7 
1 91 3 g De ionized water 

Preparation for Bectrodeposition Bath 23 (Invention): 



An electtoisposftion^ in a l^aNonip^t^cpaH^rbiiri'.'tlie'feSlowi^. 

2090 g Component #3 ; - ^• >,i - '-^ r ■^■,^:o r ) «i 

20 227 g Component #20 
170g Component #7 

1912 g Deionized water ... 



25 



30 



Preparation for Bectrodeposition Bjarttt 24 (Comparison): 

An electrodeposition bath was prepared in a 1 gallon plastic pail frtim the following: ; 
2298 g Comp0n^i#1O y-h^'i ;i' 5 >-tC:^ : \ \ '^V 

386 g ? €dmr>pnienr#12 v. ,' v 
1716 g Deionfcz^d w^ter . 



1*- <•-. C' 



Preparation forjElectrbdepositteiri Iteth 25 (Invention): 



Procedure f: 



;0 * 



40 ^ ' 



An electrodepositiombath was prepared -in a 1 gallon plastic pail fr6m%e f6llowirfg: ^ 
2160 g Component #10 
35 207 g Component #18 

386 g Component #12** 5 H 

1646 g Deionized water 



Etectrodeposition baths #24 and #25 were aged and ultraf iltered to a conductivity of 1400 micro mhos. 
Bare cold rolled steel and phosphated cold rolled steel panels were coated from each bath at a film build of 
0.9 mils. 

A number of accelerated corrosion (tests were carried out on the "panels to cfiaracteriztf edge protection 
45 as well as overall corrosion resistance. As shown by figures (1 ) and (2) edge protection as reflected by 20 cycle 
SCAB testing was improved through Incorporation of microparticle dispersion #18 on both substrates. Figure 
(1) shows edge creep over baje cold rolled steel and f igure (2) illustrates the same over phosphated cold rolled 
steel. - . / ■ ] ;' .-• ----- 1 1 1- ■>"-■;-. 



55 
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mroCRS-B 4 





V( .'.if--. I. 



; «nCR£-P 



Moreover, as shown bytfigutes (3) ar\d{4) > «oyeralfecorrosion protection as reflected hy^^p from a/scribe down 
the face of the panel is not compromised for either bare or phosphate-treated sieelsy bet rates. 



F%urc3 



mm CRS-B 10 - 




Similar trends are observed from 360 hours of salt spray exposure on bare cold roiled steei panetepsjltustrated 
by figures (5) and (6). Figure (5) illustrates edge creep while figure (6) illustrates creep from a center scribe. 





iftmaaib* creep 



Another means to characterize the coverage of painted dges is m asurement of isolation ability which is 

15 r 
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based upon electrical resistance of a film at the edge. Isolation ability values may range from 0% (unprotected) 
to 100% (protected). As shown by figure (7), isolation ability is increased which reflects improved edge cov- 
erage through incorporation of microparticle dispersion #1 8. '-,-■> ■<: j> ? ; >i c 

Measured film smoothness is not adversely affectedly incorporationfofthe inventioaas shown in figure 
(8). . . ^v-n^U-., 





Procedure 2: 



#21, #22, and #23. Incorporation of microparticle dispersions # 19 and #20*wece found to improve isolation 



ability as illustrated in figure (9). 




Foid throwpower boxes were constructed from phosphated cold rolled steel and coated at 275V to a build 
of 0.5inils from electrodeposition baths #21, #22, and #23. The total distance of painted substrat was meas- 
ured for each bath. The average distance of four panels are shown in figure (1 0). As demonstrated, significant 
improvements in throwing potential are achieved through incorporation of additives such as microparticle dis- 
persions^ J9 and #20. 

The invention has b en described in detail with reference to preferred embodiments thereof. It should be : 
understood, however, that variations and modifications can be made within the spirit and scope of the inven- 
tion. 
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Claims- - ^K- <i v .-:>;') t >\<A-V. ; . . -;.>:^ ii ... n • - : - 

1- An electrodepositbn coating composition 1 comprising!" r.r- ... ;v: nt,; v ? u ;U-uc,:..:i: \« c; 
-<a)an aqueous disp reion of awater-dispersibla- lectrically-depositableVfilmrforming^ at least partially 
neutralized cationic resin, and 

(b) crosslinked polymer microparticles, said polymer particles being prepared by: 

(1) blending an acid-neutralized tertiary amino-functional acrylic polymer and a polyepoxidetoform 
a blended mixture, 

(2) dispersing the blended mixture in an aqueous medium to form a dispersion of microparticles of 
the blended mixture, and , .-.„:__...„: . ; 

(3) heating the dispersioato crosslink the acrylic and pdlxepoxftJe in the micropaijticles. 

2. An electrodeposition roatfiig composition according to daimvt>vhereki the polymer microparticles have 
a partide size-cf^^^ [fc.C.r ;! 

3. An elec*itriepqsi|ipn coatjng <5on^)osition according tdl^aimj l^efceiri the ^r^er miciropartides have 
a partide size of from 0.1:f6^5^.|| U?.'.r ■; j \\-^f% ] 

4. Anelectr6depb^tjc>^ 1[ck)m^ihgfrdfn MuSq ^ percent by weight, 
based on th^on tfceisolids^ resin (a). ; T \f • ;:; ■ : ! ; Vi i; 



5. An electrodepos'ition coating composition according to claim 1 wherein the acrylic polymer has an equiv- 
alent weight per tertiary nitrogen of 750 to 1200. 

6. An electrodepositbn coating composition according to daim 1 wherein said blended mixture further com- 
prises a blocked polyisocyanate crosslinking agent. 

7. An electrodeposition coating composition according to claim 1 wherein said blending "step comprises 
- r~.: ^aq0ofar*organic~solvent£ arc «r *t-noin*:vh rtzrwovJtuh; ^raocH\>n Jlp; r. ' 

8. An electrodeposition coating composition according to claim 1 wherein said blending [ step comprises 
blending the acid-neutralized tertiary amino-functional acrylic polymer and a polyepoxide in the presence 
of a mixture of a polar organic solvent and water. 

9. An electrodepositton-raatingxomppsitlon according to dafm 1 wherein saTolJirpersion^fmicropartides 



in aqueous medium has a nonvolatfjes content of 10 to 40 weight %. 



10. An eieqtro^eppsitipn qpating compbsition according to daim ^herein said dispersion !6f micropartides 
in aque;ou£ medium has a ncmvptatrles content of 20 to 30 weight %. |! 

I f- !j •••• : \ ■ A 



* -iv v *W .0:r- h':?';lf?0 ^> i^;^ J . : . > Ofi* -,.V -r f ; i . .:^r' ,i. ;, r . ., 
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